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ABSTRACT 


Radioactive  ionization  gages  were  used  as  sensors  for  pitot  measurements 
on  two  Spirrov-Arcas  boosted  payloads  launched  on  7  and  8  February  1969-  Pres¬ 
sure,  temperature,  and  density  were  obtained  in  the  region  38  to  70  km.  Both 
graphical  and  tabulated  data  are  presented. 

Both  the  vehicle  system  performance  and  the  payload  performance  were  ex¬ 
cellent.  Modification  of  the  ionization  gage  sensitivity  would  permit  data 
acquisition  to  105  tan. 
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1-  STTROSUCTICSI 


The  research  activity  described  in  this  report  is  a  direct  result  of  the 
continuing  need  to  extend  meteorology  to  higher  altitudes.  Basic  instrumenta¬ 
tions  used  by  present  day  meteorologists  to  explore  structure  in  the  upper  at¬ 
mosphere  consist  of  balloon  and  rocket  borne  sondes.  The  rocket  borne  sondes, 
instrumented  with  temperature  sensitive  thermistors,  are  limited,  technically, 
to  altitudes  he lev  60  km.  Approximately  IpOO  Areas  class  vehicles  are  launched 
each  year  from  fourteen  {it)  major  locations  in  the  western  hemisphere.  Con¬ 
tinued  efforts  by  many  groups  to  extend  the  thermistor  technique  to  higher  al¬ 
titudes  have  been  unsuccessful. 

A  program  (Atlantic  Research  Corporation,  19655  was  Initiated  In  i960  to 
develop  a  low  cost  meteorological  rocket  probe  system  to  measure  oressure/den- 
sity  to  an  altitude  In  excess  of  100  km.  The  pitot  probe  technique  used  with 
'his  system  was  an  adaptation  of  pitot  probe  instrumentations  used  in  other 
programs  (Horvath,  Simoons,  and  Brace,  19c2;  Horvath  and  Rupert,  1968).  Four¬ 
teen  tests  of  the  rocket  payloads  were  performed  with  varying  degrees  of  suc- 


The  purpose  of  the  present  research  effort  in  the  Sparrow  Areas  (Sparc  } 
program  was  to  extend  the  initial  Atlantic  Research  developmental  program  by 
Increasing  the  accuracy  and  reliability  of  the  Atlantic  Research  Corporation 
(ARC)  payload-  Two  Sparc  payloads  were  successfully  launched  In  February  1968. 
Both  payloads  performed  to  the  limit  of  their  design  capability.  The  denrity 
profiles  obtained  are  not  indicative  of  the  ultimate  capability  of  the  Sparc 
type  system.  The  ionization  gages  used  in  the  Sparc  program  were  volume- 
limited  with  the  consequent  loss  of  low  pressure  (high  altitude)  sensitivity. 
Ionization  gage  designs  are  available  with  sensitivities  capable  of  carrying 
the  Sparc  probe  measurement  to  approximately  105  km.  These  gage  design  char¬ 
acteristics  are  Included  In  the  reoort. 


INSTRUMENTATION 


The  payload  used  In  the  Sparc  program  is  similar  in  concept  to  that  used 
In  the  original  ARC  research  effort.  In  fact,  the  payloads,  void  of  sensor 
and  sensor  electronics,  were  supplied  by  ARC  as  government  furnished  equipment. 
The  major  difference  between  the  Denpro  and  Sparc  payloads  is  the  sensor.  The 
Denpro  used  a  diaphragm  type  pressure  sensor  with  questionable  reliability. 

The  Sparc  payload  is  instrumented  with  a  radioactive  ionisation  gage  similar 
to  that  used  in  other  pitot  probe  applications.  In  addition  the  Arcasonde  III 
instrument  section  (part  of  the  ARC  payload)  was  modified  in  such  a  way  that  it 
would  not  be  a  limiting  factor  In  outputting  sensor  data . 

The  Sparc  payload  is  shown  in  Figure  1. 


A.  EJSCTA3L2  TIP 

The  ejec  table  tip  is  an  ogive  nose  cone  fabricated  from  a  phenolic  mate¬ 
rial  (Figure  1).  It  performs  the  dual  function  of  providing  the  necessary  low 
drag  frontal  configuration  for  the  Sparrow-Areas  vehicle  during  the  boost  phase 
and  of  sealing  the  pitot  measurement  chamber  against  undesirable  contamination 
prior  to  its  ejection  after  the  second  stage  burnout  (approximately  hQ  >m  in 
altitude). 

The  spring-loaded  nose  cone  is  held  in  place  by  three  steel  pins  located 
symmetrically  in  a  plane  normal  to  the  cone  axis.  Release  of  the  nose  cone  is 
effected  by  a  pyrotechnic  gas  generator  which  displaces  three  sealed  pistons, 
thus  forcing  the  three  steel  retaining  Fins  free  of  the  payload.  The  concen¬ 
trically  loaded  spring  then  ejects  the  nose  cone  and  the  separation  assembly 
forward  from  the  payload  at  an  initial  relative  forward  velocity  of  approxi¬ 
mately  20  ft/sec.  Upon  ejection  the  nose  cone  acts  as  an  unstable  body  and 
will  pitch-yaw  away  from  vehicle  flight  path,  thus  exposing  the  pitot  or¬ 
ifice  to  a  previously  undisturbed  atmosphere. 

A  first  motion  mechanical  time  provides  the  timing  logic  in  the  ejection 
process,  and  the  pyrotechnic  generator  is  actuated  by  a  charged  capacitor. 

B.  PITOT  S2£DR 

The  impact  pressure  sensing  device  used  with  the  Sparc  system  consists  of 
a  radioactive-type  ionisation  gage.  Ionisation  gage  devices  are  actually  sen¬ 
sitive  to  gas  density  but  are  normally  calibrated  in  terms  of  pressure.  For 
data  correction  purposes,  the  gas  temperature  (gage  wall  temperature)  mist  be 
carefully  noted.  The  current-pressure  characteristic  for  the  gages  used  in 
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this  program  are  shown  in  Figure  2. 

The  linear  current-pressure  (density)  characteristic  represents,  in  effect, 
the  collection  of  positive  ions  resulting  from  alpha  particle  bombardment  and 
ionization  of  the  neutral  gas  in  the  gage  volume-  The  emission  element  is  an 
Americium  2hl  source  which  emits  alpha  particles.  Appropriate  internal  gage 
geometry  and  electric  field  potentials  provide  the  desired  current-pressure  re¬ 
lation. 

Radioactive  ionization  gage  sensors  have  an  ultimate  upper  altitude  limi¬ 
tation  for  a  pitot  measurement  on  an  ascending  rocket  probe  of  approximately 
110  km.  The  altitude  capability  of  the  two  Sparc  payloads  was  on  the  order  of 
70  km.  This  limitation  was  the  result  of  a  restriction  placed  uuv»  the  physical 
size  of  the  ionization  gage  by  the  geometry  of  the  Sparc  payload  and  does  not 
represent  a  limitation  of  the  system  for  future  application  at  the  higher  al¬ 
titudes-  Redesign  of  the  Sparc  payload,  permitting  the  use  of  a  more  sensitive 
ionization  gage,  would  extend  the  measuring  capability  of  the  Sparc  payload  to 
approximately  105  km.  Figure  5  shows  the  characteristic  current-pressure  rela¬ 
tion  for  a  radioactive  ionization  gage  capable  of  this  increased  performance. 


0.  SIGNAL  PREPARATION 

A  linear  multirange  electrometer  amplifier  is  u^ed  to  match  the  impedance 
of  t  :e  lew  output  current  ionization  gage  to  the  rocket  borne  telemetry  package. 
.An  integral  amplifier  sensitivity  selection  circuit  maintains  a  voltage  output 
from  the  amplifier  between  0  and  5  volts  to  be  compatible  with  telemetry  require¬ 
ments.  The  amplifier  signal  is  outputted  through  a  five  (p)  channel  multiplexer 
which  periodically  inserts  two  (2)  channel  voltage  calibrations  along  -with  gage 
temperature  and  amplifier  range  data.  The  1680  KHz  cavity  oscillator  trans¬ 
mitter  is  modulated  with  the  multiplexed  output  through  a  Vector  Model  FKO-11 
suberrrier  oscillator  (S.C.O. ).  A  complete  functional  block  diagram  is  shown 
in  Figure  h. 

D.  MAGNETIC  ASPECT  SENSOR 

.An  important  requisit :  on  a  rocket  payload  system  instrumented  for  a  pitot 
measurement  is  vehicle  stability.  To  isolate  the  gross  aspects  of  vehicle  at¬ 
titude,  a  polarized  magnetic  aspect  sensor  was  included  in  each  of  the  two 
Sparc  payloads.  The  output  from  the  magnetic  sensor  can  be  interpreted  in  terms 
of  the  angle  between  the  magnetic  field  vector,  B,  and  the  vehicle  thrust  axis. 
For  a  stable  flight  the  vehicle  thrust  axis  would,  within  a  few  degrees,  be 
tangent  to  the  velocity  vector.  Since  the  velocity  vector  changes  very  slowly 
bo«,n  curecwion  and  magnitude,  fluctuations  in  the  magnetic  sensor  output 
will  immediately  indicate  irregular  flight  characteristics.  It  is  not  necessary 
to  have  an  accurately  calibrated  device  to  determine  if  and  when  an  irregular 
event  took  place. 

P 


The  main  purpose  for  using  the  magnetic  sensor  was  to  evaluate  vehicle 
stability  during  and  after  nose  cone  ejection.  The  initial  Sparc  flights  gave 
no  indicated  perturbation  in  vehicle  attitude  as  a  function  of  nose  cone  ejec¬ 
tion.  Changes  in  angle  of  2-3  degrees  would  have  been  detectable. 


Figure  2.  Sparc  ionization  gage  characteristic. 
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PROCEDURES 


The  basic  atmospheric  structure  parameter  derived  from  a  pitot  measurement 
is  ancient  density.  The  equation  used  in  the  density  reduction, 
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the  Rayleigh  supersonic  pitot  tube  equation  using  the  relation- 
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impact  pressure, 
ambient  pressure, 
ambient  density, 

Mach  rsimber  (V/a), 
ratio  of  specific  heats,  1-*, 
weak  function  of  both  M  and  7, 
rocket  total  velocity, 
velocity  cf  sound. 


The  Rayleigh  expression  is  applicable  in  the  continuum  flow  regime  (below 
85  km).  For  the  two  Sparrow  Areas  pitot  payloads  discussed  in  this  report, 
continuum  conditions  hold  throughout  the  measurement  region.  The  function, 
K(M, > ) ,  is  a  weak  function  of  both  Mach  number  and  specific  heats.  During  the 
measurement  region  it  varies  less  than  '^er  the  Kach  range  observed. 


A  basic  assumption  in  the  pitot  measurement  theory  requires  that  a  normal 
shock  front  exist  at  the  impact  pressure  orifice.  This  requires  that  the  angle 
of  attack  be  relatively  small.  Angle  of  attack  sensitivity  is  unique  to  in¬ 
dividual  nose  cone  conf igurations .  Wind  tunnel  testing  (Laurmann,  1958)  shows 
that  the  hemispherical  nose  tip  sue  liar  to  the  Sparc  payload  design  has  an 
angle  of  attack  error  of  1%  at  12° .  The  output  data  from  the  magnetic  aspect 


sensor  indicate  very  little  deviation  between  veh 
locity  vector  during  the  time  pitot  measurements 
to  angle  of  attack  are  estimated  to  be  less  than 


icle  thrust  axis  and  the 
are  being  cade.  Errors 
0.2*. 


ve- 

due 


3.  ATMOSPHERIC  WIN!)  EFFECTS 


Strong  horizontal  winds,  in  the  plane  of  the  flight  path,  can  cause  size¬ 
able  errors  In  the  resultant  density  profiles  by  their  effect  on  the  total  ve¬ 
locity  vector.  Tie  Rayleigh  density  expression 


_  1U'5  K 

°8  “  S(.M,7)!Vej5 

requires  an  appropriate  value  of  Ye.  In  the  presence  of  a  horizontal  atmospheric 
wind,  the  effective  velocity  component.  Ye,  is  equal  to 

lYe|  =  | V |  ±  jvj  Sin  £  Cos  t 
H 

where 

Y  =  total  inertial  velocity, 
jw  ]  =  magnitude  of  horizontal  wind, 

\  -  90  -  Q.S. 

Q.E.  =  quadrant  elevation, 

t  =  angle  between  the  flight  path  plane  and 
wind  direction. 

The  quantity,  jw^j  Sin  £  Cos  $,  can  be  maintained  negligibly  small  compared  to 
V  if  £  is  a  reasonably  seal!  angle  and/or  f  is  very  nearly  90°.  The  magnitude 
of  the  £  angle  during  the  measurement  period  (37-70  kn)  is  a  function  of  the 
initial  effective  Q.E.  and,  to  a  lesser  degree,  the  altitude  of  vehicle  at 
apogee.  The  effective  launch  elevation  angle  ’Q-T. }  for  both  Sparc  payloads 
u-as  less  than  80°.  In  the  altitude  increment  ires  37  7°  km,  £  angles  ranged 

from  20°  to  23.5°.  The  flight  path  azimuth  was  23^° -  The  atmospheric  wind 
structure  was  a  typical  Pfc.  Mugu  winter  profile,  predominately  zonal  winds 
from  the  west  and  Increasing  monotonically  from  50  a/sec  at  37  km  to  80  m/sec 
at  pO  km.  Meridional  winds  were  negligibly  small.  The  angle,  $,  is  simply  the 
difference  angle  between  the  flight  path  azimuth  and  the  wind  direction  or  . 
The  magnitude  of  Ye  for  the  two  Sparc  flights  is 

|¥ej  =  ivj  ±|vj  Sin  £  Cos  360 


with  20  <  £  <  23. 5°- 

The  W„  profiles  are  shown  in  Figure  5-  Density  error  profiles  resulting 
from  atmospheric  winds  are  shown  in  Figure  6. 

The  angle  of  attack  error  caused  by  these  same  horizontal  winds  has  been 
neglected,  being  at  least  one  order  of  magnitude  less  than  wind  effect  on  the 
velocity  vector  magnitude. 


ii5  iO  55 
EASTERLY  WINDS 


20  40  to  ao  100 
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igure  5-  Zonal  horizontal  wind  profiles. 
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Figure  6.  Eensity  errors  due  to  horiz 
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U .  dklA 


The  telemetered  data  vere  recorded  on  magnetic  tape  at  the  Ft.  Kugu  Mobile 
G.M.D.  2  Ground  Station-  The  basic  G.M.D.  2  system  was  modified  so  as  to  per¬ 
mit  FH  discrimination  of  the  two  output  data  channels.  Both  real  time  and  play¬ 
back  paper  records  vere  obtained.  Reduction  of  the  data  to  atmospheric  struc¬ 
ture  information  was  accomplished  entirely  by  manual  processes.  Ihe  data  could 
easily  be  reduced  by  computer  techniques  if  large  quantities  of  data  vere  to  be 
handled. 

Tracking  data  for  trajectory  determination  vere  obtained  from  the  FPS-  16- 
radar  facility  at  Ft.  Kigu.  Tabulated  reduced  trajectory  data  vere  furnished 
by  Ft.  Migu. 


A.  STATISTICAL  LATA 

General  flight  Information  relating  to  the  two  Sparc  launches  are  given 
in  Tables  1  and  2.  The  launch  of  both  payloads  proceeded  without  difficulty. 
Bach  Sparc  launch  was  associated  with  a  corresponding  Arcasonde  LA  experiment. 
For  comparison,  these  data  are  graphed  with  the  pitot  data. 


3.  ATMOSPHERIC  STRICTURE 

Ambient  atmospheric  density  profiles  ere  the  direct  result  of  impact  pres¬ 
sure  measurements  on  a  pitot  probe-  The  density  profiles  shown  in  Figures  9 
and  12  have  been  corrected  for  errors  due  to  horizontal  atmospheric  winds.  Ihe 
estimated  accuracy  of  the  density  data  are  -  2i  below  6G  km  and  t  above  60 
km.  The  assumed  wind  structure  above  60  km  accounts  for  the  Increased  density 
error  flags. 

Ambient  temperature  (Figures  8  and  11}  and  pressure  (Figures  7  and  10)  are 
derived  from  the  density  profile  by  integration  of  the  hydrostatic  equation - 
Integration  takes  place: 

dr  =  -ogdH,  ?  =  -jf  ogdK  +  ? 


h  >  h 
o 


°o  _  1  A 


from  higher  to  lover  altitudes.  The  boundary  condition  was  assumed  equal  to 
the  temperature  from  the  U.S .  Standard  Atmosphere.  1952  at  the  starting  altitude 


lh 


"f  integration.  The  rate  at  which  temperature  and/or  pressure  converge  to  their 
ideal  values  during  integration  depends  apon  the  scale  height.  For  the  scale 
heights  found  in  this  region,  convergence  of  the  data  will  be  better  than  l£ 
of  the  absolute  value  after  integrating  over  15  km.  Integration  intervals  were 
selected  to  be  0.5  km. 

The  estimated  accuracy  of  the  temperature  data  are 

3C  K  <  55  tan, 

55  km  <  5e  K  <  60  km, 

60  km  <  7e  K  <  65  km, 

65  km  <  10s  K 

for  the  indicated  altitude  increments .  The  large  error  flags  above  55  km  are 
the  direct  result  of  the  unknown  starting  temperature  value  used  in  the  integra¬ 
tion  process. 

Accuracy  of  the  pressure  profiles,  like  the  temperature  data,  increases 
as  the  downward  integration  continues.  Estimated  accuracy  of  the  pressure  data 
are 

2£  <  55  km, 

55  km  <  yt>  <  60  km, 

60  km  <  5^  <  65  km, 

65  km  < 

for  the  indicated  altitude  increments. 

The  ambient  atmospheric  data  derived  from  Sparc  815505  and  Sparc  8155^ 
are  tabulated  in  Tables  5  ana  4. 


TABLE  1 


STATISTICAL  DATA  -  Sparc  813303 

Sparc  Pitot  Probe 
Table  of  Flight  Parameters 

Launch  Time:  19:58:03.55  GMT 

Launch  Date:  07  February  1968 

Location:  Pt.  Mugu  Long:  119°07'W 

Lat:  3L°07’N 

Payload  Weight:  18.7  lbs 


Event 

Flight  Time 
(sec) 

Altitude 

(km) 

Life -off 

0 

1st  Stage  Burnout 

2  (est) 

2nd  Stage  Ignition 

8  (est) 

4-5  (est) 

2nd  Stage  Burnoui 

39-5 

29.5 

Tip  Ejection 

45.3 

38 

Limit  of  Usable  Data 

72.5 

70 

Peak  Altitude 

182.5 

129.2 

16 


TABLE  2 


STATISTICAL  DATA  -  Sparc  813344 

Sparc  Pitot  Probe 
Table  of  Flight  Parameters 

Launch  Time:  19:34: 17-43  GMT 

Launch  Date:  08  February  1968 

Location:  Pt.  Mugu  Long:  119°07'W 

Lat:  34°C7'N 

payload  Weight:  18.7  lbs 


Event 

Flight  Time 
( sec ) 

Altitude 

(km) 

Lift-off 

0 

1st  Stage  Burnout 

2  (est) 

2nd  Stage  Ignition 

8  (est 

4.5  (est) 

2nd  Stage  Burnout 

39  (est) 

29  (est) 

Tip  Ejection 

45.  4 

37-5 

Limit  of  Usable  Data 

74.9 

73 

Peak  Altitude 

185.4 

130.8 

£  | 

-  *■ 
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TABLE  5 


AMBIENT  DATA— SPARC  813303 

7  February  1968 
11:58  Local 
19:58  GMT 
Pt.  Mugu 

Long.  119° 07 'W 
Lat.  34°07’N 


Altitude 

(km) 

Density 
( kg/n3) 

Temperature 

no 

Pressure 
( torr) 

o/°sta 

p/Fsta 

37.5 

5.76 

247.3 

3.06  x  10° 

.98 

1.01 

38.0 

5.28  x  10~3 

250.4 

2.85 

.98 

1.01 

38.5 

4.88 

252.5 

2.64 

.98 

1.00 

39-0 

4.57 

252.7 

2.48 

•99 

1.00 

39-5 

4.30 

251.9 

2.33 

1.00 

1.00 

4o.o 

4.02 

251.4 

2.17 

1.01 

1.00 

40.5 

3.74 

253.3 

2.04 

1.01 

1.00 

Ul.o 

3.46 

253.3 

1.90 

1.00 

1.01 

41.5 

3.21 

257.8 

1.78 

.99 

1.01 

42.0 

2.97 

260.4 

1.66 

.99 

1.01 

42.5 

2.76 

262.4 

1.56 

.99 

1.01 

43.0 

2.57 

264.5 

1.46 

.99 

1.01 

43.5 

2.40 

266.6 

1.38 

.99 

IcOl 

44.0 

2.23 

268.7 

1.29 

.99 

1.01 

44.5 

2.11 

268.3 

1.22 

1.00 

1.01 

45-0 

1.98 

267.7 

1.14 

1.01 

1.02 

45.5 

1.86 

267.2 

1.07  x  10° 

1.01 

1.02 

46.0 

1.74 

266.7 

9.98  x  ID"1 

1.01 

1.01 

46.5 

1.64 

266.8 

9.40 

1.C2 

1.01 

47.0 

1.54 

266.7 

8.83 

1.03 

1.02 

47.5 

1.45 

266.2 

8.31 

1.03 

1.02 

48.0 

1.36 

265.7 

7.78 

1.03 

1.01 

48.5 

1.28 

265.2 

7.30 

1.03 

1.02 

49.0 

1.21 

264.8 

6.89 

1.04 

1.02 

49.5 

1.14 

263.7 

6.47 

1.04 

1.02 

50.0 

1.07  x  10-3 

252.6 

6.05 

1.04 

1.01 

50.5 

9.93  x  10'4 

262.6 

5.62 

1.04 

1.01 

51.0 

9.42 

262.6 

5.32 

i.o4 

1.01 

51.5 

8.83 

262.5 

4.99 

1.04 

1.00 

52.0 

8.28 

262.7 

4.68 

1.04 

1.00 

52.5 

7.83 

26l,0 

4.4o 

1.04 

i.OC 

53.0 

7.37 

259.4 

4.11 

1.04 

1.00 

53.5 

6.91 

2o0.1 

3.87 

1.03 

1.00 

54.0 

6.45 

261.4 

3.62 

1.02 

1.00 

54.5 

6.02 

262.0 

3.39 

1.02 

.99 
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TABLE  3  (Concluded) 


Density  Temperature  Pressure  p/p 
(kg/nf) _ (!K) _ (tan) _ ® 


Altitude 

(km) 


TABLE  4 


AMBIENT  DATA— SPAKC  8l3j44 

8  February  1968 
11: 54  Local 
19=54  GMT 
Ft.  hugu 

Long.  119o07”W 
Lat.  34°07'N 

Altitude  Density  Temperature  Fressure  d/d  p/p 
-i!2l _ (Wa3)  ( eK)  (torr)  std 


38.0 

5.32  x  10' 

3  242.0 

38.5 

4.94 

244.1 

39.0 

4.57 

246.0 

39.5 

4.18 

250.3 

40.0 

3-86 

254.0 

40.5 

3.59 

256.3 

4l.O 

3-31 

259.6 

41.5 

3.09 

260.3 

42.0 

2.8? 

262.9 

42.5 

2.68 

263.7 

43.0 

2.51 

265.1 

43-5 

2.37 

264.3 

44.0 

2.22 

264.0 

44.5 

2.09 

262.3 

45.0 

1.98 

260.5 

45.5 

1.86 

260.5 

46.0 

1.74 

260.5 

46.5 

1.62 

261.3 

4t.o 

1.52 

262.0 

47.5 

1.41 

263.1 

48.0 

1-33 

263.7 

48.5 

I.23 

267.9 

49.0 

1.14 

270.8 

49.5 

1.08 

271.I 

50.0 

1.00  x  10'3 

273.0 

50.5 

9.52  x  10"4 

270.3 

51.0 

8.98 

268.7 

51.5 

8.45 

267.6 

52.0 

7.97. 

267.1 

52.5 

7.53 

265.3 

53-0 

7.12 

263.7 

53.5 

6.67 

262.6 

54.0 

6.32 

261.2 

54.5 

5.97 

258.8 

2.78  x  10° 

.59 

.98 

2.60 

.99 

.98 

2.42 

.99 

.98 

2.2  6 

* 

CD 

.98 

2.11 

•97 

.98 

1.98 

.96 

.98 

I.65 

.96 

.98 

1.73 

.96 

.98 

1.62 

-96 

.98 

1.52 

.96 

.99 

1.43 

-97 

.99 

1.35 

.98 

.99 

1.26 

-98 

.99 

1.18 

•99 

.99 

1.11 

,  A 

1.00 

.99 

1.04  x  10 

1.00 

.99 

9.75  x  10- i 

1.01 

.99 

9.10 

1.01 

.99 

8.56 

1.02 

.98 

7.97 

1.02 

.98 

7.54 

1.01 

.98 

7.08 

-99 

.98 

6.63 

.98 

.98 

0.30 

.98 

.98 

5-8t 

.97 

.98 

5.53 

.98 

•98 

5.18 

-99 

.98 

4.86 

.99 

-98 

4.57 

1.00 

-98 

4.30 

1.00 

.98 

4.03 

1. 00 

.98 

3-77 

1.00 

.98 

3.55 

1.00 

.98 

3-32 

1.00 

.98 
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TABLE  h  (Concluded) 


Altitude 

(km) 

Density 

(Wo3) 

Temperature 

(°K) 

Pressure 
( torr) 

c/Dsta 

P/P 
‘  std 

55.0 

5.65 

256.6 

3.12 

1.01 

.97 

55.5 

5.30 

256.3 

2.92 

1.00 

.97 

56.0 

k-97 

256.0 

2.7k 

1.00 

.97 

56.5 

k.71 

256.3 

2.60 

.99 

.97 

57.0 

k-37 

256.5 

2.kl 

.99 

.97 

57.5 

k.22 

251.3 

2.28 

1.00 

.97 

58.O 

3.98 

2hS.7 

2.11 

1.01 

.97 

58.5 

3-77 

2k2.3 

1.97 

1.01 

.96 

59.0 

3- 5k 

2kr.2 

I.83 

1.02 

.95 

59.5 

3.31 

239-7 

1.70 

1.02 

.95 

60.0 

5.09 

239.2 

1.59 

1.01 

•9k 

60.5 

2.88 

239-6 

l.k8 

1.00 

.9k 

6l.O 

2.68 

2*0.2 

1.38 

•99 

-93 

61.5 

2.51 

238.5 

1.29 

•  99 

-93 

62.0 

2.35 

237-7 

1.20 

.98 

■93 

62.5 

2.20 

235-9 

1.12 

•97 

-93 

63.0 

2.G5 

235.1 

1.0k  x  Kf1 

.96 

.92 

83.5 

1.93 

23k. 1 

9.7k  x  iO“® 

.96 

.92 

6k.  0 

1.80 

233-0 

9-05 

.96 

-92 

6k. 5 

I.69 

231.6 

8.k2 

.95 

-91 

65.0 

1.57 

231.2 

7-81 

-9k 

.91 

65.5 

i.k8 

228.9 

7.28 

.9k 

-91 

66.0 

l.ko 

22k.  5 

6.76 

.95 

.91 

66.5 

1.31 

221.7 

6.23 

.95 

.91 

67.0 

1.23 

220.0 

5.82 

.95 

-90 

67.5 

1.1k 

219-3 

5.38 

.95 

.90 

68.0 

1.07  x  10"4 

215-8 

k.97 

.9k 

.89 

68.5 

9.95  x  10-5 

215.0 

k.So 

.93 

.89 

69.0 

9.25 

21k.  3 

k.27 

•93 

.89 

69.5 

8.57 

213.0 

3.97 

.92 

.89 

70.0 

7.98 

212.0 

3.6k 

.92 

.88 

70.5 

7.38 

212.2 

3.36 

.91 

.88 

71.0 

6.85 

211.2 

3.10 

-90 

.87 

71.5 

6.31 

211. k 

2.87 

.89 

.87 

72.0 

5.82 

211. k 

2.65 

.88 

-87 

72.5 

5-ko 

210.8 

2.k5 

.88 

.87 

73.0 

5.00  x  10"5 

210.0 

2.26 

_ -M _ 

.87 

GEOMETRIC  ALTITUDE  (KM) 


! 


74 
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Figure  7.  Altitude  vs.  pressure  -  Sparc  813305- 
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GEOMETRIC  ALTITUDE  (KM) 


ISO  200  220  240  260  260  300 
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Figure  8.  Altitude  vs.  temperature  -  Sparc  8133 0J-. 


25 


GEOMETRIC  ALTITUDE  (KM) 


200  220  240  2«0  2t0  300 


AMBIENT  TEMPERATURE  *K 

Figure  11.  Altitude  vs.  temperature  -  Sparc  8153 bh. 


5. 


DISCUSSION 


The  Sparrow-Areas  vehicle  combination  proved  to  be  a  completely  adequate 
propulsion  system  for  researching  the  meososphere  by  the  pitot  technique.  Sim¬ 
ple  modification  of  the  payload  t^ometry  would  permit  data  acquisition  to  ap¬ 
proximately  105  km. 

The  density  data  obtained  from  the  two  Sparc  firings  were  corrected  for 
rather  large  errors  due-  *0  horizontal  wind  structure,  as  much  as  k%.  This  was 
due  to  the  excessively  low  effective  launch  elevation  angles  (>80°  Q.E.)  and 
is  not  representative  of  a  typic..  .  data  reduction  error  source.  An  effective 
Q.E.  of  830  would  have  reduced  the  maximum  error  to  less  than  2$.  The  tem¬ 
perature  derived  from  the  density  profile  is  dependent  on  its  slope,  not  on 
the  absolute  magnitude.  The  maximum  temperature  error  resulting  from  an  un¬ 
corrected  density  profile  would  have  been  less  than  i*°K. 
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